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Pathology of HI V-associated nephropathy: A detailed morphologic and
comparative study. Clinical and pathologic findings in the kidneys of 30
consecutive acquired immunodeficiency syndrome (AIDS) autopsies
and in 34 consecutive renal biopsies performed on HIV infected
patients at our institution between 1983 and 1987 were studied. To
determine if the lesions of HIV-associated nephropathy have morpho-
logic specificity, a subgroup of 13 biopsies with a diagnosis of HIV-
associated nephropathy (HIVN) were compared to 13 biopsies each of
heroin-associated nephropathy (HAN) and of idiopathic focal segmen-
tal glomerulosclerosis (IFSGS) matched for patient age, proteinuria and
serum creatinine. A diagnosis of HIVN was made in I of 30 (3.3%)
AIDS autopsies and 26 of 34 (76.5%) renal biopsies. When compared to
HAN and IFSGS, HIVN had more globally "collapsed" glomeruli (P <
0.001), less glomerular hyalinosis (P < 0.02). more severe visceral
epithelial cell swelling (P < 0.05). more numerous visceral epithelial cell
droplets (P < 0.002). more prevalent and severe tubular microcystic
dilatation (P <0.02), and tubular cell degenerative changes (P <0.001).
Focal glomerular electron-dense deposits were present in 14 of 26
cases. Tubuloreticular inclusions were extremely numerous in glomer-
ular and interstitial capillary endothelial cells as well as in interstitial
leukocytes (P < 0.001). Granular degeneration of nuclear chromatin
was present in 10 of 26 cases. Nuclear bodies were more numerous in
tubular and interstitial cells of HIVN (P < 0.01). particularly type 3 (P
< 0.001). Reversal of tissue T4/T8 ratio was observed. We conclude
that while no single morphologic feature of HIVN is specific, the
combination of clinical and pathologic findings is quite distinctive and
permits a presumptive diagnosis of HIVN in otherwise asymptomatic
carriers.
A variety of renal insults may affect the AIDS population.
including those related to systemic and renal infections, dehy-
dration and nephrotoxicity due to therapeutic agents. Various
autopsy studies in AIDS patients have reported a high incidence
of tubulointerstitial disease, including acute tubular necrosis,
interstitial nephritis, nephrocalcinosis, and renal involvement
by neoplasms such as lymphoma and Kaposi's sarcoma [1—4].
Recently, increasing reports of glomerular disease in HIV-
infected patients have led to the emerging recognition of HIV-
associated nephropathy (HIVN) as a distinct clinicopathologic
entity [5—7]. Clinical characteristics include severe proteinuria.
often associated with the nephrotic syndrome, and rapid devel-
opment of renal failure. Pathologic descriptions of this entity
have generally characterized it as a form of focal segmental
glomeruloscierosis (FSGS) usually associated with severe tu-
bulointerstitial disease [5, 6, 8, 9]. Some investigators have
suggested that a renal lesion specific for AIDS does not truly
exist, and that the renal pathologic changes in HIVN are
morphologically indistinguishable from those of other forms of
FSGS [10. II]. To better define the incidence and specificity of
renal pathologic changes in HI V-infected patients, we reviewed
the clinical and postmortem findings in 30 consecutive AIDS
autopsies performed at Columbia Presbyterian Medical Center.
These findings were compared to the clinical and renal patho-
logic features of 34 HIV-infected patients undergoing renal
biopsy at our institution during the same time period. In order
to determine if the lesions of HIVN have pathologic specificity,
a subgroup of 13 biopsies with the diagnosis of HIVN was then
compared to 13 biopsies each of heroin associated nephropathy
(HAN) and idiopathic focal segmental glomerulosclerosis
(IFSGS) matched for patient age, proteinuria and serum creat-
mine.
Methods
Autopsy study
The clinical and renal pathologic features of 30 consecutive
AIDS patients autopsied at Columbia Presbyterian Medical
Center from 1983 to 1987 were reviewed. At autopsy, one or
more tissue blocks from each kidney were fixed in formalin,
paraffin embedded and sectioned at 4 microns. Histologic
sections were stained with H&E. PAS, trichrome, Jones me-
thenamine silver and in selected cases with AFB, mucicarmine
and gram stains.
Biopsy study
The clinical charts of 34 HIV-infected patients undergoing
renal biopsy at our institution from 1983 to 1987 were reviewed.
Twenty-eight patients had antibodies to HIV detected by both
enzyme immunoassay (ELISA) and Western Blot analysis of
peripheral blood. Six patients were evaluated before serologic
HJV testing was available but all developed typical clinical
features of AIDS or AIDS related complex (ARC). Renal
biopsies were processed for light microscopy, immunolluores-
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cence and electronmicroscopy according to standard tech-
niques. A group of 13 biopsies with diagnosis of HAN and 13
biopsies with diagnosis of IFSGS were selected retrospectively
from the files of the Renal Pathology Laboratory and matched
for patient age. sex, proteinuria and serum creatinine at the time
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Table 1. AIDS autopsy series (N = 30)
Clinical renal diagnosis
ATN (hypotension/sepsis)
No renal diagnosis
HIV nephropathy
Pathologic renal diagnosis
No pathologic Dx
ATN
Pathogens in kidney: CMV
Candida
Crypto
Pneumocystis
Chronic interstitial nephritis
Kaposi's sarcoma
Nephrocalcinosis 13
HIV nephropathy
of biopsy to 13 biopsies of HIVN. Although they were not
serologically tested for HIV infection, no patient in either of the
two control groups developed clinical AIDS or ARC in from
one to seven years of follow-up. Histologic, immunopathologic
and ultrastructural features of the renal biopsies in the three
groups were analyzed by semi-quantitative techniques and
compared statistically using a three way analysis of variance.
Interpathologic correlations were performed by linear regres-
sion or Chi square analysis.
Nuclear bodies were defined as rounded intranuclear struc-
tures measuring from 0.5 to 1.5 j.t in diameter. They were
classified into five basic types according to complexity, using
the system of Bouteille [12, 13]. Type I is the simplest and
consists of a granular matrix surrounded by a narrow clear halo.
Type 2 nuclear bodies have an onion skin-like concentric
lamellation. Type 3 bodies have the same concentric matrix
containing central electron-dense granulations. These central
granules are larger and more densely osmiophilic in types 4 and
5, in the latter forming large globules.
Immunoperoxidase studies of the renal interstitial inflamma-
tory cell infiltrates were performed by an avidin-biotin tech-
nique using monoclonal antibodies leu 3a (Becton Dickinson,
Sunnyvale, California, USA) and OKT8 (Ortho, Raritan, New
Jersey, USA) as described in detail elsewhere [141.
Results
Autopsy study
Clinical features. The autopsy population included 26 males
and 4 females ranging in age from 5 to 60 years (mean = 39
years). Fourteen patients were Black, 14 White. and 2 were
Hispanic. Risk factors for HIV included homosexuality (19),
intravenous drug abuse (4), presumed heterosexual exposure
(4), one renal transplant recipient who had received multiple
transfusions, one child of an i.v. drug abusing mother and one
unknown risk factor. The epidemiologic features of this group
of autopsied patients were found to be representative of the
larger group of 210 AIDS patients admitted to Presbyterian
Hospital over the same time period [7]. The average number of
opportunistic infections per patient was 3.1 and most commonly
included pneumocystis pneumonia, Candida and CMV. Two
patients had lymphoma and seven had Kaposi's sarcoma. At
the time of admission the average serum creatinine was 1.
mg% (range 0.4 to 1.9); and no patient had documented renal
1. Interstitial nephritis (N = 2)
drug-induced (N = I)
idiopathic, associated with (N = I)
membranous glomerulopathy
stage I
2. Acute postinfectious glomerulonephritis (N = 2)
3. Membranous lupus nephritis (N = I)
4. Minimal change disease (N = 2)
5. End stage kidney (N = I)
6. HIV nephropathy (N = 26)
disease other than mild prerenal azotemia secondary to dehy-
dration. The time from diagnosis of AIDS to death averaged 7.4
months (5 days to 29 months). At death, the average serum
creatinine was 2.6 mg/dl; three patients had serum creatinine
greater than 7.0 mg/dl, one of whom was dialyzed. In 16
patients, there was terminal oliguria and mild renal insufficiency
related to hypotension and/or sepsis. Only one patient, a black
homosexual, developed nephrotic syndrome (proteinuria 18.2 g/
24 hr) and rapidly progressive renal failure (serum creatinine 5.5
mg/dl at time of death), consistent clinically with HIVN (which
was confirmed at autopsy). Thirteen patients had no renal
diagnosis prior to death.
Pathologic findings. At autopsy, there was a greater spec-
trum of pathology than clinically evident (Table I). Eleven
patients had no renal morphologic abnormalities. Thirteen had
mild degrees of nephrocalcinosis, involving the tubulointersti-
tial compartment, without associated stones. There was no
obvious association with amphotericin or other therapy, and in
most, renal function was not affected. Of note, 10 of the 13
patients with nephrocalcinosis had granulomatous inflammation
involving the lung. Seven patients had identifiable pathogens in
the renal parenchyma and in some patients infections were
multiple. The most commonly identifiable organism was CMV,
whose intranuclear inclusions were found not only in tubular
epithelium but also in glomerular endothelial cells, without
associated glomerular hypercellularity. Candida, cryptococcus
and pneumocystis were also identified in two, one and one
patient, respectively. Four patients had chronic interstitial
nephritis attributable to prior treatment with Bactrim and/or
Pentamidine. In one patient, multifocal Kaposi's sarcoma was
found involving the renal cortex and hilus of the kidney. Only
one patient had renal lesions consistent with HIVN. These
included focal segmental and global sclerosing glomerulopathy
associated with severe interstitial inflammation and numerous
large, dilated tubules containing voluminous proteinaceous
casts. This cystic tubular dilatation appeared to involve all
segments of the nephron, in both the cortex and medulla.
Grossly, the kidneys were pale and uniformly enlarged with a
smooth cortical surface. In this patient, the combined kidney
weight was 503 grams, as opposed to an average combined
weight of 330 15 grams in the other 28 adult patients.
Biopsy study
While tubulointerstitial processes predominated in the au-
topsy population, the biopsy population demonstrated promi-
nent glomerular pathology in 33 of 34 cases (Table 2). Twenty-
six patients had renal pathologic changes consistent with
HIVN.
16
13
Table 2. Renal biopsy series in AIDS patients (N = 34)
II
9
4
4
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Fig. 1. A glotnerulus with global collapse" of the glomerular capil-
lary walls and marked swelling of visceral epishelial cells (JMS. X 320).
HIV-associated nephropathy: Clinical features
Twenty-five of the 26 patients (96%) with HIVN were Black
and one Hispanic compared to only 50% Blacks in the autopsy
population. Mean age was 37.6 years and 18 (69%) were male.
Risk factors included 42% i.v. drugabuse, 31% homosexuality,
and 27% other risk factors including transfusions or heterosex-
ual exposure. At the time of presentation of renal disease, 12
patients had no symptoms of HIV infection, eight had AIDS-
related complex (ARC) and six had clinical AIDS. Thus, renal
disease was the first clinical manifestation of HIV infection in
46% of these patients. Mean serum creatinine was 5.4 mg/dl
(range 1.1 to 17.4 mg/dl). Mean 24-hour urine protein was 6.6 g/
day, and was generally in the nephrotic range except in those
patients who were extremely oliguric. Sixty-two percent of
patients had peripheral edema. Hypertension (defined as dias-
tolic BP greater than 100 mm Hg) was present in 10 (39%) of
patients with HIVN. The overall rate of progression of renal
insufficiency was rapid with a median time from initial clinical
evaluation to dialysis of only 10.9 weeks. Median survival from
diagnosis of renal disease to death was 4.5 months (range 3
weeks to 3 years), and was longer in asymptomatic HIV carriers
(9.7 months) than patients with clinical AIDS at presentation
(1.9 months). A more detailed clinical evaluation of these
patients has been reported elsewhere [7].
Pathology of HI V-associated nephropathy
Light microscopy. While focal segmental and global glomer-
ulosclerosis were certainly features of the HIVN biopsies, the
most characteristic glomerular lesion present to some degree in
all biopsies was a generally global, prominent "collapse" of the
glomerular tuft. This is defined as a severe retraction of the
glomerular capillary walls with resulting loss of patency of
gloiierular capillary lumens, but without increase in mesangial
or intracapillary matrix. This change was best seen in silver
preparations (Fig. 1). Endocapillary foam cells and glomerular
hyalinosis (defined as fuchsinophilic deposits typical of plas-
matic insudation) were not seen in these acutely affected
glomeruli, but were observed focally in conventionally sclerotic
glomeruli in which the tuft had been replaced by abundant
Fig. 2. Numerous intracytoplasmic protein resorption droplets and
t'acuoles are present in markedly hypertrophied visceral epit he/ia! cells
(trichrome, x 320).
basement membrane material. Glomerular cellularity appeared
normal. Visceral epithelial cells characteristically displayed
striking changes including marked swelling and hypertrophy
overlying the collapsed portions of the glomerular tuft. With the
PAS and trichrome stains, numerous clear transport vesicles
and PAS-positive, trichrome-blue-positive protein resorption
droplets could be demonstrated in the visceral cell cytoplasm
(Fig. 2). In seven cases there was relative dilatation of Bow-
man's space, which contained abundant proteinaceous filtrate
(Fig. 3).
All cases displayed prominent tubulointerstitial disease
which frequently appeared out of proportion to the severity of
the glomerular pathology. These changes included prominent
interstitial inflammation by lymphocytes and plasma cells,
interstitial edema and fibrosis. Many tubules were dilated
forming "microcysts" (defined as marked tubular ectasia ex-
ceeding three times the external diameter of adjacent tubules)
and contained large variegated proteinaceous casts (Fig. 4).
Focal tubular degenerative changes defined as epithelial "sim-
plification" with loss of tubular cell nuclei were noted in all 26
cases (Fig. 5). Vessels displayed generally mild arterio- and
arteriolosclerosis.
Immunofluorescence. Glomerular immunofluorescent stain-
ing was negative for immunoglobulins and complement in six
cases. In 14 biopsies, glomeruli were positive for 1gM, 20 for C3
and 10 for Cl, Glomerular staining varied from segmental to
global and involved the mesangium in six cases and peripheral
capillary wall in 14. In 15 cases, there was prominent staining of
visceral epithelial cell droplets for immunoglobulin and/or albu-
min, corresponding to the hyaline droplets seen by light micros-
copy.
Electron microscopy. Collapsed glomerular segments dis-
closed wrinkling and folding of the GBM, which was generally
normal in thickness. Visceral epithelial cells were markedly
hypertrophied with numerous electron-dense droplets of the
protein resorption type, many electron lucent membrane-bound
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Fig. 3. Bowman's space of 2 glomeruli is
relatively dilated. Due to this enlargement of
Bowman's space, the tuft of one glomerulus is
not visible in this plane of section (JMS, X 80).
Fig. 4. Low power view of renal biopsy showing
global "collapse" of glomerular tufts and severe
tubulointerstitial disease with many cystically
dilated tubules (Trichrome, X 80).
Fig. 5. Tubules display focal degeneration with
irregular simplified epithelium and loss of nuclei.
The glomerulus is segmentally sclerotic (H&E, x
200).
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Fig. 6. An electronmicrograph showing wrinkling and retraction of the GBM. The overlying visceral epithelial cells are strikingly hypertrophied
with massive electron dense resorption droplets and total foot process effacement (x 4,000).
Fig. 7. A glomerular endothelial cell contains three tubuloreticular inclusions (arrows) (electron micrograph, x 16,000).
transport vesicles, abundant rough endoplasmic reticulum, and merular endothelium (25 of 26 cases), interstitial capillary
extensive diffuse foot process fusion (Fig. 6). endothelium (23 of 26 cases) and interstitial leukocytes (10 of 26
The most striking ultrastructural feature was the finding of cases) (Figs. 7, 8). These intracytoplasmic collections of 24 nm
numerous tubuloreticular inclusions (TRI) involving the gb- interanastamosing tubules were generally large, often multiple
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Fig. 8. Numerous mononuclear
leukocytes and plasma cells are
present in the renal interstilium.
Three tubuloreticular inclusions
are present in the cytoplasm of an
interstitial leukocyte (arrows)
(electron micrograph, x 5,000).
Fig. 9. High power view of glomerular
endothelial cell containing a large
tubuloreticular inclusion in the perinuclear
cistern (arrmi's). The inclusion appears as
Interanastamosing tubules with electron
dense periphery and lucent centers.
(electron micrograph, )< 28,000).
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Fig. 10. A mesangial area containing electron dense deposits of possible immune type (electron micrograph, x /2,000).
Age yr?
Sex M/F
Proteinuria'
g/24 hrs
Serum
creatinine" ing%
Expressed as (range)
33.5 (23—50)
8/5
6.5 (0.2—19.0)
Table 3. Comparative pathologic study of FSGS: Clinical features
HIV Heroin IdiopathicN=13 N=13 N=13
36.9 (24—49)
8/5
6.0 (0.6—17.0)
42.5 (26—55)
8/5
8.0 (1.5—18.0)
in a given cell, and averaged 0.92 inclusions per glomerular
capillary studied. TRI were located in dilated cistcrnae of
smooth or granulated endoplasmic reticulum, as well as in the
perinuclear cistern and Golgi cisternae (Fig. 9).
Glomerular electron-dense deposits of possible immune type
were present in 14 of 26 cases and were usually small and focal,
affecting the mesangium (10 cases) (Fig. 10), subendothelial
areas (8 cases) or subepithelial areas (3 cases), sometimes in
combination. Visceral epithelial cells displayed 90 to 100% foot
process effacement.
Tubular and interstitial cells displayed focal degenerative
changes including swelling and lysis of organelles (12 cases) and
granular degeneration of their nuclear chromatin (10 cases).
This nuclear abnormality consisted of a peculiar, coarsely
granular alteration of the chromatin with loss of the usual
peripheral margin of heterochromatin. There were sometimes
breaks in the nuclear membrane with release of the altered
chromatin into the cytoplasmic compartment (Fig. 11). The
associated swelling of mitochondria and other cytoplasmic
organelles in many of these cells suggests that this represents an
unusual degenerative nuclear change (Fig. 12). It did not appear
to be a fixation artifact since adjacent cells often demonstrated
normal nuclear ultrastructure.
Nuclear bodies were found to be extremely numerous in
tubular and interstitial cells from HIVN biopsies. Nuclear
bodies, in particular type III, were frequent in tubular epithe-
hum and interstitial fibroblasts. They were often associated
8.3 (2.7—15.3) 4.9 (1.1—18.0) 3.8 (0.7—16.0)
with large interchromatin clumps and were frequently multiple
in a given nucleus (Fig. 13). No viral budding, virions or other
specific viral particles were identified.
Comparison of HIVN to HAN and IFSGS
Thirteen HIVN biopsies were compared to 13 biopsies each
of HAN and IFSGS matched for patient age, proteinuria and
serum creatinine at the time of biopsy (Table 3).
Histology (Table 4). Although biopsies in all three groups
contained focally collapsed glomeruli, HIVN biopsies had a
statistically greater percentage of collapsed glomeruhi (51
19%) than in the HAN (16 16%) and IFSGS group (10 16%;
P < 0.001). Similarly, the percentage of glomeruli with hyali-
nosis was less in the HIVN group (P <0.02). There was more
severe visceral epithelial cell swelling (P < 0.05) as well as more
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Fig. 11. A tubularcell with granular degeneration ofthe nuclear chromatin,focal rupture of the nuclear membrane, and swelling of mizochondria
(electron micrograph, X 16,000).
Table 4. Comparative pathology (LM)
HIV Heroin Idiopathic PN = 13 N = 13 N = 13 value
% Global & seg. 40 27 51 21 52 23 NS
sclerosis
%Global SI 19 16±16 10±16 <0.001
"collapse"
% Glomerular 4 5 19 14 17 18 <0.02
hyalinosis
VEC swelling 2.38 1.32 1.46 1.05 1.38 1.02 <0.05
(severity 0—4)
VEC droplets 2.08 1.62 0.46 0.66 0.61 0.96 0.002
(severity 0—4)
Microcysts 1.53 0.50 0.23 <0.02
(severity 0—4; 61.5% 23% 23%
prevalence)
Tub. atrophy 2.92 1.11 2.65 0.77 1.73 1.46 NS
(severity 0—4)
Tub. 2.61 1.04 0.53 0.77 0.92 1.22 <0.001
degeneration 100% 46% 30%
(severity 0—4;
prevalence)
mt. fibrosis 2.76 0.72 2.57 0.78 1.61 1.19 NS
(severity 0—4)
tnt. edema 0.92 0.49 0.50 0.45 0.27 0.38 NS
(severity 0—4)
mt. inflammation 2.77 0.60 2.81 0.92 1.73 1.37 NS
(severity 0—4)
Abbreviations are: seg., segmental; VEC, visceral epithelial cell;
Tub., tubular; tnt., interstitial.
numerous visceral cell intracytoplasmic droplets (P < 0.002) in
the patients with HIVN. While tubular microcysts were ob-
served in 23% of biopsies from both the HAN and IFSGS
groups, this change was more prevalent (61.5%) and severe in
HIVN (P < 0.02). The severity of tubular atrophy, interstitial
fibrosis, edema and inflammation was not statistically different
between the three groups. However, tubular degeneration was
both more prevalent and severe in HIVN (P < 0.001).
Immunofluorescence. All three groups demonstrated focal
glomerular staining for 1gM (46% of HIVN biopsies and HAN
biopsies; 62% of IFSGS biopsies), C3 (54% of HIVN biopsies;
62% of HAN and IFSGS biopsies), and, to a lesser extent, Cl
(31% of HIVN biopsies; 38% of HAN biopsies; 23% of IFSGS
biopsies). Visceral cell droplets containing immunoglobulin
and/or albumin were more prevalent in HIVN (46% of HIVN
biopsies; 23% of HAN biopsies; 31% of IFSGS biopsies).
Electronmicroscopy. Electronmicroscopic findings are sum-
marized in Table 5. Small electron-dense deposits tended to be
more numerous in HIVN, where they were observed in 54% of
cases as opposed to 31% of cases of HAN and IFSGS.
However, this difference was not statistically significant. De-
posits were most often mesangial in location (6 cases), but could
also be observed involving the peripheral GBM (intramembra-
nous, subendothelial or subepithelial in 3 cases each).
The most striking and consistent ultrastructural feature of the
HIVN group was the presence of numerous intracytoplasmic
_#d?.•
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Fig. 12. The epithelial cells of two adjacent tubules (arrowheads) and an interstitial cell (arrow) display degenerative changes with coarse
granular alteration of the nuclear chromatin (electron ,nicrograph, X 4,000).
Table 5. Comparative pathology (EM)
HIV
nephropathyN= 13
Heroin
nephropathy
N 13
Idiopathic
FSGSN 13 Pvalue
Tubulo-reticular inclusions
glomerular endothelium
prevalence 92% (11/12) 23% (3/13) 7% (1/13) <0.001
mean # per capillary 0.86 0.06 0.02
interstitial capillary endothelium
prevalence 66% (8/12) 0 0 <0.001
mean # per capillary 0.59 0 0
Granular chromatin degeneration of tubular!
interstitial cells
prevalence 41.6% (5/12) 7.6% (1/13) 0(0/13) <0.05
mean % cells affected (range) 11.9% (0—53) 1.1% (0—5) 0 <0.05
TRI in the endothelium of glomeruli, interstitial capillaries and
arteries, as well as in interstitial leukocytes. A minimum of 15
glomerular capillaries and 15 interstitial capillaries from each
biopsy was examined ultrastructurally. TRI were present in 11
of 12 HIVN cases with adequate material for EM study. By
contrast, TRI were seen in one isolated glomerular capillary in
three of 13 cases of HAN and in only one case of IFSGS (P <
0.001). The average number of TRI per glomerular capillary was
0.86 in HIVN compared to 0.06 in heroin-associated nephrop-
athy and 0.02 in idiopathic FSGS (P < 0.001). Moreover, TRI
were never observed in interstitial capillary endothelium or
infiltrating leukocytes in either of the control groups (P <
0.001).
Granular degeneration of the nuclear chromatin was ob-
served focally in five of 12 cases of HIVN, in one case affecting
as many as 53% of tubular and interstitial cells studied (Table
5). By contrast, this change was present in only one case of
particularly severe HAN. It was not observed in any biopsy of
- 2
IFSGS. Detailed ultrastructural study of four cases of AIDS
without HIVN (1 minimal change disease, I membranous
glomerulopathy, I interstitial nephritis, I acute post-infectious
glomerulonephritis) also failed to reveal this change.
The numbers and type of nuclear bodies in the three groups is
summarized in Table 6. The percentage of interstitial and
tubular cells with nuclear bodies was statistically greater in
HIVN (60.5%) compared to 47.8% in HAN, 30.3% in IFSGS
and 39.1% in four AIDS biopsies without nephropathy (P <
0.01). The percentage of cells with multiple nuclear bodies per
cell was also greater in HIVN, compared to HAN and IFSGS (P
<0.01), but not compared to renal biopsies from AIDS patients
without HIVN. When the type of nuclear bodies were analyzed,
there was a statistically greater percentage of type 3 nuclear
bodies in HIVN, without significant differences in the other
nuclear body types.
Itnmunoperoxidase studies. The composition of the intersti-
tial leukocyte infiltrates with respect to helper/inducer (leu 3a)
and cytotoxic/suppressor (OKT8) subtypes was studied in six
cases using an avidin-biotin technique applied to cryostat
sections. All HIVN biopsies had tissue T4/T8 ratios less than
1.0 (range 0.23 to 0.77, mean 0.35). Reduced but not identical
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Fig. 13. Two interstitial cells contain multiple nuclear bodies of varying types and clumps of interchromatin. Two type 3 nuclear bodies are
present in the insert (electron micrograph x I0,000 insert x 30,000).
Table 6. Tubular and interstitial cell nuclear bodies (NB)
HIV Heroin Idiopathic
nephropathy nephropathy FSGS
AIDS
without
HIVN
# Cells studied 550 171 245 122
% Cells with NB 60.5 47.8 30.3 39.1
Mean NB/cell 2.18 1.70 1.79 1.71
% Cells with multiple NB/cell 58.7 39.7 31.2 52.6
% NB type 1 41.7 54.9 60.4 61.6
% NB type 2 31.8 32.1 34.4 34.7
% NB type 3 23.2 11.5 5.2 5.0
%NBtype4 0.9 1.2 0 0
%NBtypes 2.0 0 0 0
P value
<0.01
NS
<0.01
NS
NS
<0.00I
NS
NS
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ratios were observed in thesimultaneous blood samples of four
patients (range 0.2 to 1.0, mean 0.5). In the four cases of IFSGS
studied, the tissue T4/T8 ratios were greater than 1.0 (range 1.02
to 3.12, mean 1.93).
inter-pathologic correlations. In HIVN, the percentage of
glomerular collapse tended to correlate with the severity of
visceral epithelial cell swelling (P < 0.02) and the severity of
tubular degeneration (P < 0.07). No correlation was found
between the percentage of glomerular collapse and the severity
of visceral cell droplets, tubular atrophy, interstitial fibrosis,
inflammation or edema.
Other renal biopsy findings in HIV infected patients. As
reported in Table 3, a variety of other glomerular and tubuloin-
terstitial diseases were observed in a minority of AIDS patients
uiidergoing renal biopsy. Minimal change disease was observed
in a 1-1/2 year old child with multiple opportunistic infections
and in a 46 year old woman with ARC who was the wife of an
i.v. drug abuser. Ultrastructurally, both biopsies were charac-
terized by abundant endothelial TRI, frequent glomerular en-
dothelial phagolysosomes and prominent electron-dense mes-
angial deposits. At autopsy eight months later, the renal disease
in the child remained histologically unchanged whereas repeat
biopsy four months later in the woman revealed progression to
the typical histological pattern of HIVN. Acute postinfectious
glomerulonephritis with numerous subepithelial "humps" oc-
curred in a 56-year-old black male i.v. drug abuser with
staphylococcal pneumonia and in a 38-year-old black male i.v.
drug abuser with ARC and multiple skin abscesses. In two
biopsies with interstitial nephritis, the etiology was presumed
BactrimfPentamidine therapy for pneumocystis pneumonia in
one case and remained undetermined in another. A highly
unusual case was that of a 1-1/2 year old female with congenital
AIDS who developed nephrotic range proteinuria and mild
renal insufficiency. Biopsy disclosed membranous nephropathy
with numerous subepithelial, mesangial, and tubulointerstitial
deposits suggestive of lupus nephritis (WHO Class V). Subse-
quent serologic workup disclosed hypocomplementemia and
high titers of anti-nuclear antibody and antibody to double
stranded DNA. In all the cases described above, numerous TRI
were observed ultrastructurally in the glomerular endothelium.
Discussion
Most recent studies of HIVN have emphasized its clinical
and epidemiologic features [5, 6]. The pathologic alterations,
however, have not been described in detail in a large biopsy
population. Moreover the specificity, if any, of the renal pathol-
ogy has not been determined. The current study was designed
not only to document in detail the histologic, immunofluores-
cent and ultrastructural features of HIV nephropathy, but also
to ascertain which characteristics, if any, may be specific or
distinctive from HAN and IFSGS.
Our autopsy study indicates a 3.3% prevalence of HIVN in
our AIDS population. These findings are in agreement with the
low prevalence of glomerular pathology reported in several
other autopsy studies from New York, Bethesda, San Fran-
cisco, Los Angeles and Houston [1,2,4, 11, 16—19]. A similarly
high incidence of acute tubular necrosis, interstitial nephritis
(both drug related and pyelonephritis), infection of the renal
parenchyma by opportunistic pathogens and nephrocalcinosis
has been reported in other series [2, 5]. The cause of nephro-
calcinosis, although histologically mild, could not be explained
by amphotericin or other known drug administration. The high
association between nephrocalcinosis and granulomatous in-
flammation of the lungs in our series suggests that increased
vitamin D production and hypercalciuria may play a role, as
occurs in pulmonary sarcoidosis [15, 20].
Our epidemiologic data confirms the predilection of HIVN
for Blacks and i.v. drug abusers reported by other groups [5, 6].
This racial and risk bias may explain the low incidence of
nephropathy reported from West Coast centers in which White
homosexuals comprise the largest risk group. Vazir et al
reported no instance of sustained heavy proteinuria in their
clinical series of 27 AIDS patients from Irvine, California [21].
Similarly, Humphreys and Schoenfeld at the University of
California, San Francisco, reported only two cases of HIVN
among a large population of AIDS patients [10, II]. In a series
from Los Angeles, Cohen and Nast reported HIVN in only
three White males [8]. This predilection of HIVN for Blacks
may relate to a genetic susceptibility to FSGS in Blacks, similar
to that reported for HAN [22].
Our study disclosed a higher incidence of HIVN in asymp-
tomatic HIV infection than in fully developed AIDS. Thus the
term "HIV-associated nephropathy" is preferred over "AIDS-
associated nephropathy". This finding is in agreement with that
of others and suggests that nephropathy may be more common
early in the course of HIV infection, before opportunistic
infections develop [23]. Because nephropathy may be the first
sign of HIV infection in clinical populations at risk, these
patients are often first seen by the nephrology service and
undergo renal biopsy. This selection bias probably explains the
startling dichotomy between the low incidence of nephropathy
in our autopsy population (3.3%) versus the high incidence in
our biopsy population (76.5%). Because nephropathy is fre-
quently the first clinical manifestation of HIV infection, the role
of renal biopsy in the diagnosis of HIV infection assumes
particular importance. From our findings it is clear that there
are distinctive pathologic features of HIVN, which although not
in themselves specific or pathognomonic, when present in
combination, strongly suggest the diagnosis of HIVN.
Distinctive pathologic features of HIVN in our study include
the "collapsing" predominantly global pattern of glomerular
sclerosis, with few conventional lesions of segmental sclerosis.
Accordingly, in our opinion, this pattern of glomerular injury is
better termed diffuse scierosing glomerulopathy rather than
focal segmental glomerulosclerosis. The violent nature of the
collapse and absence of endocapillary foam cells or glomerular
hyalinosis all suggest a very acute, accelerated injury. These
collapsing features appear to be an early morphologic feature of
HIVN, which explains why other series based on autopsy
populations have not emphasized this feature. To this point we
had occasion to study the postmortem kidney from a patient
whose biopsy six months earlier had shown severe collapsing
glomerulopathy consistent with HIVN. The collapsing nature of
the glomerular injury was no longer apparent in the autopsy
tissue, but had progressed to extensive nonspecific global
glomerulosclerosis.
Comparatively, there was a greater severity of visceral cell
hypertrophy and droplet formation than in our control groups
with HAN and IFSGS. Because these controls were matched
for proteinuria, this discrepancy cannot be attributed to more
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severe proteinuria in the HIVN group. Moreover, there was a
correlation between the percentage of collapsed glomeruli and
severity of visceral cell hypertrophy, suggesting that the two
morphologic features may be causally related. The tendency for
glomerular collapse to correlate with the severity of tubular
degenerative features as well as visceral cell swelling suggests
that interference with postglomerular circulation may contrib-
ute to the tubular injury. Alternatively, the same unidentified
injurious factor may be toxic to both visceral epithelial cells and
tubular epithelium.
The higher incidence of tubular microcysts in HIVN is a
peculiar finding which cannot be explained by the severity of
proteinuria, since controls were matched for this parameter.
Similarly, such casts are rarely observed in other human
diseases with comparable or even more severe proteinuria such
as minimal change disease. The weakening of tubules due to
tubular degeneration [9] or tubular obstruction due to the
voluminous casts may play a role in microcyst formation. Of
interest, most experimental models of FSGS lack this feature,
with the exception of a rat model of Adriamycin-induced focal
sclerosis [24].
In our hands, electronmicroscopy was extremely helpful in
differentiating HIVN from other forms of focal sclerosis. Most
useful was the finding of numerous TRI in renal endothelium
and infiltrating leukocytes. These 24 nm interanastamosing
tubules within cisternae of endoplasmic reticulum are com-
posed of acidic glycoprotein and lipid [25, 26]. These structures
are identical to the so-called 'myxovirus' '-like particles ob-
served in lupus nephritis, and have also been reported in other
retrovirus infections such as the adult T-cell leukemia virus
[27]. They may be considered "interferon footprints" since
their expression can be induced in tissue cultures of normal
leukocytes (from non-AIDS patients) by exposure to alpha
interferon [28, 29]. TRI have been reported to occur in multiple
organs of HIV infected patients [251. They were noted with
equal frequency in our renal biopsies from AIDS patients
without HIVN. Thus, they are a general feature of systemic
HIV infection and are not specific for HIVN per Se.
Chander et al [9] emphasized the presence of granular trans-
formation of the nuclear chromatin of tubulointerstitial cells in
seven cases of HIVN. We observed similar degenerative
changes in 40% of our HIVN biopsies. When present, they were
a helpful ultrastructural feature of HIVN, perhaps related to the
high incidence of tubular degenerative changes observed at the
light microscopic level. We agree with Pardo et al [30] that these
findings are not in any way specific for HIVN, since we have
observed identical nuclear degenerative changes in a variety of
other renal diseases in non-AIDS patients, including interstitial
nephritis and severe proliferative glomerulonephritides. How-
ever, we do not believe them to be a fixation artifact, since all
our renal biopsies are fixed promptly and handled in the same
manner. More likely they represent in vivo but focal degener-
ative changes, for unknown reasons particularly common in
HIVN.
Our detailed quantitation of nuclear bodies in the tubuloin-
terstitial cells of HIVN is in agreement with the findings of
Chander et al [9] who demonstrated an increased number of
type 3 nuclear bodies per cell in HIVN. The significance of this
finding is uncertain, since little is known about the precise
function of these intranuclear structures. They are features of
normal cells and are believed to be induced by various physio-
logic states, including hormonal activation [31], a variety of
neoplasms [32. 33], and viral infections [34]. Since these struc-
tures are considered features of activated cells, conceivably
they result from the cellular regenerative processes that neces-
sarily follow the tubular degeneration noted at the light micro-
scopic and ultrastructural level. Their presence also raises the
question of possible direct viral infection of the renal paren-
chyma. However, those nuclear bodies most closely related to
viral infections, the type 4, were not found to be significantly
increased in our biopsies of HIVN and no viral particles were
identified ultrastructurally.
Our pathologic and clinical findings raise interesting ques-
tions concerning the pathogenesis of the diffuse sclerosing
glomerulopathy of HIV infection. The large size of the kidneys
suggests a possible role for renal hyperfiltration and hypertro-
phy. However, at autopsy, the numerous large casts and
tubular dilatation adequately account for this gross finding and
there is no clinical evidence of hyperfiltration. The occurrence
of HIVN early in the course of HIV infection, before clinical
manifestations of AIDS, suggests possible lymphokine medi-
ated injury. Conceivably T cell factors known to be elevated in
HIV infection [9] might act on the glomerular capillary wall to
cause increased proteinuria, as is speculated to occur in mini-
mal change disease (MCD) [35]. This hypothesis is supported
by the pathologic continuum between MCD and FSGS ob-
served in renal biopsies in one of our patients. Of note,
interferon therapy for mycosis fungoides has been reported to
induce a similar combination of glomerular and interstitial
injury, namely MCD and interstitial nephritis [36]. We do not
believe that immune complex glomerular injury plays an impor-
tant pathogenetic role in HIVN since electron dense deposits
were seen in only 54% of patients and were generally scanty.
Moreover, glomerular electron-dense deposits are also common
at autopsy in AIDS patients who do not develop nephropathy
[3]. Lastly, the possibility of direct renal parenchymal infection
by HIV is raised by the numerous cytolytic changes and
increased nuclear body count. The recent demonstration of
HIV nucleic acid by in situ hybridization in visceral epithelium
and tubular cells from biopsies of HIVN deserves further study
[37].
In summary, from this comparative study we can conclude
that no single pathologic feature of HIVN is in itself specific.
However, a combined histologic and ultrastructural pattern of
diffuse collapsing glomerulosclerosis with markedly hypertro-
phied visceral epithelial cells, numerous tubular microcysts,
prominent tubular degeneration, numerous TRI and nuclear
bodies is highly distinctive for HIVN. These findings, corre-
lated with the clinical features of nephrotic proteinuria and
rapidly progressive renal failure, permit a presumptive diagno-
sis of HIVN in otherwise asymptomatic HIV carriers, to be
corroborated by appropriate serologic testing.
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